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DETAILED ACTION 

The Preliminary Amendment filed on October 21 , 2005 is acknowledged. Claims 
1-23 were cancelled; and claims 24-46 were newly added. 

Priority 

Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(a)-(d), which 
papers have been placed of record in the file. 

Claim Rejections -35 use §112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification sliall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 24 and Its dependent claims 25-36; and claim 37 and its dependent 
claims 38-46 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. Specifically, 

- In claim 24, line 9, the recitation of "so that this can be taken account" renders 
the claim indefinite since it is not clear that to which element/component is the word 
"this" to be referenced? Under which condition "this" can be taken account, and under 
which condition "this" cannot be taken account within the framework of regulating the 
induction gas temperature. Applicants are required to identify this element/component 
and the condition for "this", or to revise the claimed limitation. 
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- In claim 24, line 10, the recitation of "the framework of regulating the induction 
gas temperature" renders the claim indefinite since it is not clear that to which 
framework is to be referenced in order that the induction gas temperature is to be 
regulated? Applicants are required to identify the framework is used to regulate the 
induction gas temperature, or to revise the claimed limitation. 

- In claim 29, line 4, the recitation of "an induction gas temperature can be set or 
regulated by influenced through flow through the exhaust gas cooler" renders the claim 
indefinite since it is not clear that under which condition an induction gas temperature 
can be set or regulated, and under which condition an induction gas temperature cannot 
be set or regulated by influenced through flow through the exhaust gas cooler. 
Applicants are required to identify the condition for an induction gas temperature, or to 
revise the claimed limitation. 

- In claim 29, line 5, the recitations of "taking account measured values or values 
determined on the basis of technical models" renders the claim indefinite since it is not 
clear that which models are to be considered as technical models to measure/detemiine 
values? And whiat does the basis means? Applicants are required to define the basis 
and the technical models, or to revise the claim limitations. 

- In claim 32, lines 2-3, the recitation of "the exhaust gas cooler being designed 
as an engine or transmission oil heat exchanger repectively" renders the claim indefinite 
since it is not clear that how can the exhaust gas cooler be designed 9s an engine or 
transmission oil heat exchanger? Applicants are required to clarify the way to design 
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the exhaust gas cooler to become an engine or transmission oil heat exchanger 
respectively, or to revise the claim limitations. 

- In claim 33, line 2, the recitations of "technical models" renders the claim 
indefinite since it is not clear that which models are to be considered as technical 
models? Applicants are required to define the basis and the technical models, or to 
revise the claim limitation. 

- In claim 37, line 6, the recitation of "so it can be taken into account" renders the 
claim indefinite since it is not clear that to which element/component is the word "it" to 
be referenced? Under which condition "it" can be taken account, and under which 
condition "if cannot be taken account within the framework of regulating the induction 
gas temperature. Applicants are required to identify this element/component and the 
condition for "it", or to revise the claimed limitation. 

- In claim 37, line 7, the recitation of 'Ihe framework of regulating the induction 
gas temperature" renders the claim indefinite since it is not clear that to which 
framework is to be referenced in order that the induction gas temperature is to be 
regulated? Applicants are required to identify the framework is used to regulate the 
induction gas temperature, or to revise the claimed limitation. 

- In claim 38, lines 2-3, the recitation of "an earlier combustion cycle" renders the 
claim indefinite since it is not clear that to which cycle is used to compared with in order 
that a cycle can be recognized as an earlier combustion cycle? Applicants are required 
to identify which cycle being earlier/former or which one is the latter, or to revise the 
claimed limitation. 
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Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) wiilch forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person haying ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 24-28, 33, 37-38, 40-41, and 43-44 are rejected under 35 U.S.C. 103(a) 

as being unpatentable over Wild et al. (Patent Number 6,352,065 B1), in view of 

Fujimoto etal. (Patent Number 4,485,625). 

Wild discloses a system for influencing an induction gas temperature in a 
combustion chamber of an internal combustion engine, comprising: 

a compression device (102) to compress induced fresh air and the fresh air 
having a first temperature before compression (tu); 

an expansion device (103) that causes an expansion of the compressed induced 
fresh air, with the compressed and subsequently expanded fresh air having a second 
temperature (ts) greater than the first temperature (tu); and 

wherein an exhaust gas recirculation device (Not Numbered, via valve 
107) is provided to feed exhaust gas from an earlier combustion cycle to fresh air 
or to a mixture featuring fresh air, in order to provide an air/fuel/exhaust gas 
mixture with an advantageous energy level for combustion after injection of fuel; 
wherein the compression device is a compressor (102) (See Figure 1); 
• wherein the expansion is perfonned on a throttle valve (103) (See Figure 

1); 
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wherein the measured values or the values determined in accordance with 
technical models are assigned to at least one of the variables selected from the 
group consisting of: exhaust gas temperature, recirculated exhaust gas mass 
(mp_agr), recirculated exhaust gas quantity, air/fuel temperature (mpjev), 
air/fuel mass, air/fuel quantity (mp_fg), Induction gas temperature (ts), induction 
gas mass (mp_hfm), induction gas quantity (VS), coolant temperature, oil 
temperature of the coolant, oil flowing through the exhaust gas cooler, coolant 
mass, oil mass, coolant quantity, oil quantity of the coolant, and oil flowing 
through the exhaust gas cooler (See Figure 1, and column 8, lines 20-67 and 
Column 9, lines 1-5); 

However, Wild fails to disclose a temperature sensor, and an exhaust gas- 
turbocharger. 

Fujimoto teaches that it is conventional in the art of controlling internal 
combustion engine, to utilize a temperature sensor (18) to record the second 
temperature that is arranged in the direction of flow of the fuel/air with reference to the 
expansion device so that this can be taken into account within the framework of 
regulating the induction gas temperature (See Figure 1); and the compression device 
being an exhaust gas turbocharger (4) (See Figure 1). 

It would has been obvious to one having ordinary skill in the art at that time the 
Invention was made, to have utilized a temperature sensor, and an exhaust gas 
turbocharger, to record the temperature and to provide an alternative arrangement 
design for an internal combustion engine with a turbocharger for the Wild device. 
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Note that the recitation of "in order to provide an air/fuel/exhaust gas mixture with 
an advantageous energy level for combustion after Injection of fuel." is considered as 
the functional language. Wild discloses all the structural components of an engine 
system, which are read on those of the instant Invention. Therefore, the Wild system is 
capable of performing the same desired functions as the instant invention having been 
claimed in claim 25. 

Claims 29-33, 39, and 42 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Wild et al. (Patent Number 6,352,065 B1), in view ofFujimoto et 
al. (Patent Number 4,485,625), and further in view of Yahata et al. (Patent Number 
6,826,903 B2). 

The modified Wild discloses the invention as recited above; however, fails to 
disclose an exhaust gas cooler; a coolant-setting valve; and an exhaust gas cooler 
being arranged in a separate heat exchanger circuit; and an exhaust gas cooler being 
designed as an engine or transmission oil heat exchanger respectively. 

Yahata teaches that it is conventional in the art an exhaust gas recirculation 
system having a cooler, to utilize at least one heat exchanger operating as an exhaust 
gas cooler (6) is provided for reducing the temperature of the re-circulated exhaust gas 
and a coolant setting valve (63) being provided so that an induction gas temperature 
can be set or regulated by influencing the coolant through-flow through the exhaust gas 
cooler taking into account measured values or values detemnined on the basis of 
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technical models; and an exhaust gas cooler being arranged in a separate heat 
exchanger circuit; and an exhaust gas cooler being designed as an engine or 
transmission oil heat exchanger respectively (See 1, 8, 10, 12, 14, 16, 18, 20, Column 
3, lines 57-67, Column 4, lines 1-50).. 

It would has been obvious to one having ordinary skill in the art at that time the 
invention was made, to have utilized an exhaust gas cooler; a coolant-setting valve; and 
an exhaust gas cooler being arranged in a separate heat exchanger circuit, and an 
exhaust gas cooler being designed as an engine or transmission oil heat exchanger 
respectively, as taught by Yahata, to Improve efficiency, of the modified Wild device. 

Claim 34 is rejected under 35 U.S.C. 103(a) as being unpatentable over Wild 
et al. (Patent Number 6,352,065 B1), in view of Fujimoto et al. (Patent Number 
4,485,625), and further in view of Treinies et al. (Patent Number 5,974,870). 

The modified Wild discloses the invention as recited above; and further discloses 
a temperature sensor (18) to record the air/fuel temperature (See Figure 1 of Fujimoto), 
an air mass or quantity measurement device (via 101) respectively to record the air/fuel 
mass or quantity, and an exhaust gas mass or quantity measuring device (via 107) to 
record the exhaust gas mass or quantity are provided (See Figure 1 of Wild). 

However, the modified Wild device fails to disclose a temperature sensor. 

Treinies teaches that it Is conventional in the art of determining fresh air mass 
flow into an internal combustion engine having an EGR system, to utilize a temperature 
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sensor (32) to record the exhaust gas temperature at the engine exhaust (See Figure 
1). 

It would has been obvious to one having ordinary skill in the art at that time the 
Invention was made, to have utilized a temperature sensor, as taught by Treinies, to 
improve the efficiency of the modified Wild device, since the use thereof would have 
directly recorded the exhaust gas temperature at the engine exhaust. 

Claims 35-36 and 45-46 is rejected under 35 U.S.C. 103(a) as being 
unpatentable over Wild et al. (Patent Number 6,352,065 B1), in view ofFujimoto et 
al. (Patent Number 4,485,625), in view of Mark's Standard Handbook for 
Mechanical Engineers (Tenth Edition, published in 1996 by McGraw Hill 
Companies). 

Regarding claims 35 and 45, the modified Wild discloses the invention as 
recited above; however, fails to disclose the induction gas temperature is calculated in 
accordance with equation: 

'job ; — X ^ 

Mark's Standard Handbook for Mechanical Engineers teaches that it is 
conventional in the Thermodynamics, to derive the equation for calculating the induction 
gas temperature as being disclosed in claims 35 and 45 (See an attached copy of the 
part of Specific Heat of Mixtures on the section 4-4 Thermodynamics of Mark's 
Standard Handbook for Mechanical Engineers). 
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It would has been obvious to one having ordinary skill in the art at that time the 
invention was made, to have utilized this equation, as taught by Mark's Standard 
Handbook for Mechanical Engineers, to improve the efficiency of the modified Wild 
device; since the use thereof would have provided an accuracy in controlling of the 
induction temperature before being delivered into the engine. 

Regarding claims 36 and 46, the modified Wild discloses the invention as 
recited above; however, fails to disclose the exhaust gas temperature at the heat 
exchanger outlet is calculated using the following equation system: 

| = K« I =e»7: 

Mark's Standard Handbook for Mechanical Engineers teaches that it is 
conventional in the Thermodynamics, to derive the equation for calculating the exhaust 
gas temperature at the heat exchanger outlet as being disclosed in claims 35 and 45 
(See an attached copy of the part of Special Changes of State for Ideal Gases on the 
section 4-9 Themnodynamics of Mark's Standard Handbook for Mechanical Engineers). 

It would has been obvious to one having ordinary skill in the art at that time the 
invention was made, to have utilized this equation, as taught by Mark's Standard 
Handbook for Mechanical Engineers, to improve the efficiency of the modified Wild 
device; since the use thereof would have provided an accuracy in controlling of the 
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exhaust gas temperature as well as In controlling the coolant flow through the heat 
exchanger. 

Conclusion 

The IDS (PTO-1449) filed on October 21, 2005 has been considered. An 
initialized copy is attached hereto. 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

- Suzuki et al. (Pub. Number US 2007/0079607 A1) disclose an exhaust 
purifying for internal combustion engines. 

- Ueno et al. (Pub. Number US 2007/0068159 A1) disclose a control system for 
internal combustion engines. 

- Barbe et a I. (Pub. Number US 20070119172 Al) disclose a system and a 
method for diagnostic of low-pressure gas recirculation system and adapting of 
measurement devices. 

- Moulin et al. (Pub. Number US 2005/0211233 Al) disclose a method for 
estimating the fuel/air ration in a cylinder of internal combustion engines. 

- Schwulst et al. (US Patent Number 7,225,793 B2) disclose engine timing- 
control with an intake air pressure sensor. 

- Nitzke et al. (US Patent Number 7.174,713 B2) disclose a method for 
detennining of composition of the gas mixture in internal combustion engines. 

- Fischer et al. (US Patent Number 7,174,777 82) disclose a method for 
controlling at least one actuator in a mass flow duct. 
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- Atkins et al. (US Patent Number 7,127,892 B2) disclose techniques for 
determining turbocharger speeds. 

- Nal<azawa (US Patent Number 6,980,902 B2) discloses an estimation of intake 
gas temperature in internal combustion engines (See Figure 26). 

- Kataoka et al. (US Patent Number 6,964,256 B2) disclose a combustion control 
apparatus for internal combustion engines. 

- Bleile et al. (US Patent Number 6,952,640 B2) disclose a method and an 
arrangement for operating internal combustion engines. 

- Reuschenbach et al. (US Patent Number 6,959,254 B2) disclose a method and 
a device for controlling and diagnosing a control system that influences a mass flow. 

- Sun et al. (US Patent Number 6,866,030 B1) disclose a model based exhaust gas 
recirculation control algorithm. 

- Kotwicki et al. (US Patent Number 6,738,707 B2) disclose a cylinder air charge 
estimation system and a method for controlling an internal combustion engine having 
exhaust gas recirculation system. 

- Burgio et al. (US Patent Number 6,718,942 B2) disclose a method for estimation 
of the quantity of fresh air in the intake and exhaust manifolds. 

- Kolmanovsky et al. (US Patent Number 6,651,492 B2) disclose a method and a 
system for controlling partial pressure of air in an intake manifold of an engine. 

- Wild et al. (US Patent Number 6,588,261 B1) disclose a method for determining 
air entering the cylinders of an internal combustion engine having a supercharger. 
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- Matthews et al. (US Patent Number 5,273,019) disclose an apparatus with 
dynamic prediction of EGR in the intake manifold. 

- Takahashi et al. (US Patent Number 5,205,260) disclose a method for detecting 
cylinder air amount introducing into cylinders of internal combustion engines. 

- Pfitz (US Patent Number 5,941,927) discloses a method and an apparatus for 
determining the gas temperature in internal combustion engines. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thai-Ba Trieu whose telephone number is (571) 272- 
4867. The examiner can normally be reached on Monday - Thursday (6:30-5:00). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Thomas E. Denion can be reached on (571) 272-4859. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
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Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated infonnation 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



TTB Thai-Ba Trieu 

June 28, 2007 Primary Examiner 
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and hydrogen gave a more accurate fit. A cubic polynomial in tempera- 
ture was also fitted for more than 700 compounds from 273 to 1,000 K 
by Seres et al. in Acta Phys. Chem., Univ. Szegediensis (Hungary), 23, 
1977, pp. 433-468. A 1975 formula of Wilhoit was fitted for 62 sub- 
stances by A. Harmens in Proc. Conf. Chemical Thermodynamic Data 
on Fluids, IPC Sci. Tech. Press. Guildford. U.K., pp. 1 12- 120. A cubic 
polynomial fitting for 435 substances appeared in J. Chem. Eng., Pe- 
king{2y 1979,pp. 109-132). The reader is reminded that specific heat at 
constant pressure values can readily be calculated from tabulated en- 
thalpy-temperature tables, for any physical state. Table 4.2.22 gives 
values for liquids and gases, while Tables 4.2.27 to 4.2.29 provide 
similar information for selected solids. 

SPECIFIC HEAT OF MIXTURES 

If lb of a substance at temperature /, and with specific heat Cj is 
mixed with lb of a second substance at temperature and with 
specific heat C2, provided chemical reaction, heat evolution, or heat 
absorption does not occur, the specific heat of the mixture is 

and the temperature of the mixture is 

fm = (W,C,/, + W2C2/2)/(w,C, + W2C2) 

In general, t„ = '^wci/lwc. 

To raise the temperature of w, lb of a substance having a specific heat 
c, from /, to the weight of a second substance required is 

= W,C,(r„ - /,)/C2(f2 - tj 

SPECIFIC HEAT OF SOLUTIONS 

For aqueous solutions of salts, the specific heat may be estimated by 
assuming the specific heat of the solution equal to that of the water 
alone. Thus, for a 20 percent by weight solution of sodium chloride in 
water, the specific heat would be approximately 0.8. 

Although approximate calculations of mixture properties often con- 
sist simply of multiplying the mole fraction of each constituent by the 
property of each constituent, more accurate calculations are possible. 
(See ^Technical Data Book— Petroleum Refining'* API, Washington, 
DC, 1984; Daubert, **Chemical Engineering Thermodynamics," 
McGraw-Hill; "The Properties of Gases and Liquids,** 3d ed., 
McGraw-Hill; Peny, "Chemical Engineers Handbook," McGraw-Hill! 
Walas, **Phase Equilibria in Chemical Engineering," Bulterworth.) 

UVTENT HEAT 

For pure substances, the heat effects accompanying changes in state at 
constant pres.sure arc known as latent effects, because no temperature 
change is evident. Heal of fusion, vaporization, sublimation, and 
change in crystal form are examples. 

The values for the heat of fusion and latent heat of vaporization are 
presented in Tables 4.2.21 and 4.2.28. 

GENERAL PRINCIPLES OF THERMODYNAMICS 

Notation 

B = availability (by definition, B ~ H - T„S) 
Cp = specific heat at constant pressure 
= specific heal at constant volume 
E. e = total energy associated with system 
g = local acceleration of gravity, fi/s^ 
gc = dimensional constant 
H. h = enthalpy, Btu (by definition h u + pv) 

J = mechanical equivalent of heat = 778.26 ft-lb/Btu = 
4.1861 J/cal 

m - ma.ss of substance under consideration, Ibm 



M = 
P = 

R = 

S,s = 
t = 
T = 

To = 
U,u = 

V = 

V = 

V = 
w = 
W = 



Y = 

z = 
8 = 
/ = 



mofecular weight 
absolute pressure, Ib/ft^ 

quantity of heat absorbed by system from surroundings, Btu 
ideal gas constant 
universal gas constant 
entropy 

temperature, °F 

/ + 459.69 = absolute temperature = °R 

sink or discard temperature 

internal energy 

linear velocity 

volume 

total volume 

weight of substance under consideration, lb 

external work performed on surroundings during change of 

state, ft • lb 

iff"'-' 

distance above or below chosen datum 
free energy (by definition, g = h - Ts) 
Helmholtz free energy (by definition,/ = u - Ts) 



In thermodynamics, unless otherwise noted, the convention followed 
is that the change in any property ^ = L^j, ^ final value - initial 
value = 0i — ^1 . 

In this notation, small letters usually denote magnitudes referred to a 
unit mass of the substance, capital letters corresponding magnitudes 
referred to m units of mass. Thus, v denotes the volume of 1 lb, and 
V = mv, the volume of m lb. Similarly, t/ = wm. 5 = mj. etc. Subscripts 
are used to indicate different states; thus, Pi , Vi , T, , «, , 5, refer to state 
I; P2. Tj, ^2 refer to state 2; gjj is used to denote the heat 
transferred during the change from state 1 to state 2, and VV, , denotes the 
external work done during the same change. 

Thermodynamics is the study which deals with energy, the various 
concepts and laws describing the conversion of one form of energy to 
another, and the various systems employed to effect the conversions. 
Thermodynamics deals in general with systems in equilibrium. By 
means of its fundamental concepts and basic laws, the behavior of an 
engineering system may be described when the various variables are 
altered. Thermodynamics covers a very broad field and includes many 
systems, for example, those dealing with chemical, thermal, mechani- 
cal, and electrical force fields and potentials. The quantity of matter 
within a prescribed boundary under consideration is called the system, 
and everything external to the system is spoken of as the surroundings. 
With a closed system there is no interchange of matter between system 
and surroundings; with an op«n system there is such an interchange. Any 
change that the system may undergo is known as a process. Any process 
or series of processes in which the system returns to its original condi- 
tion or state is called a cycle. 

Heat is energy in transit from one mass to another because of a tem- 
perature difference between the two. Whenever a force of any kind acts 
through a di.stancc, work is done. Like heat, work is also energy in 
transit. Work is to be differentiated from the capacity of a quantity of 
energy to do work. 

The two fundamental and general laws of thermodynamics are: (1) 
energy may be neither created nor destroyed, (2) it is impossible to 
bring about any change or scries of changes the .sole net result of which 
IS transfer of energy as heat from a low to a high temperature; in other 
words, heat will not of itself llow from low to high temperatures. 

The first law of ihermodynamics, one of the very important laws of 
nature, is the law of conservation of energy. Although the law has been 
stated in a variety of ways, all have cs.seniially the same meaning. The 
following are examples of typical statements: Whenever energy is 
transformed from one form to another, energy is always conserved; 
energy can neither be created nor destroyed; the sum total of all energy 
remains constant. The energy conservation hypothesis was slated by a 
number of investigators; however, experimental evidence was not 
available until the famous work of J. P. Joule. Transformation of matter 
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very complex. Experience has demonstrated that a mixture of gases may 
be regarded as an equivalent gas, the properties of which depend upon 
the kind and proportion of each of the constituents. The general rela- 
tions applicable to a mixture of perfect gases will be presented. Let V 
denote the total volume of the mixture, mj, m2, W3, ... the masses of 
the constituent gases, /?i , /?2, /?3, . • - the corresponding gas constants, 
and Rn the constant for the mixture. The partial pressures of the constit- 
uents, i.e., the pressures that the, constituents would have if occupying 
the total volume V, are pi = m,/?,r/V, = m2R2TIV, etc. 

According to Dalton's law, the total pressure p of the mixture is the 
sum of the partial pressures; i.e., p ~ p\ Pt p^ + ' ' ' • Let m' = 
/m + m2 + ^3 + • • • denote the total mass of the mixture; then 
pV = mRJ' and R^ = I.{miRi)/m. Also = myRxf{mR„\ pjp = 
m2RAmRm\ etc. 

Let Vi, ^3 • • • • denote the volumes that would be occupied 
by the constituents at pressure p and temperature T (these are given by 
the volume composition of the gas). Then V = V, + V2 ^3 + * ' ' 
the apparent molecular weight m„ of the mixture is m„ = 2(m, V;)/V. 
Then R^ = l,546/m„. The subscript i denotes an individual constituent. 

Volume of 1 lb at 32''F and atm pressure = 359/m„. 

Mass of 1 ft^ at 32°F and atm pressure = 0.002788m„. 

The specific heats of the mixture are, respectively. 

Internal Energy, Enthalpy, and Entropy of an Ideal Gas If an ideal 
gas with constant specific heats changes from an initial state pi, V,, Ti 
to a final state p2» ^2. ^2* the following equations hold: 

M2 - Ml = mc^iJ2 - r,) (P2V2 ~ P|V,)(* - 1) 

c^, In + /? In — ^ 

-m (c„ln^-/ein^ ) = m ( c- In -^^^^ + In ^ ) 

In general, the energy per unit mass is u ~ c^T + Mo» the enthalpy is 
h = CpT + and the entropy is s = c^\n T + R \n v-^ Sq =^ Cj,\n T — 
R \n p -¥ sq = Cp\n V + Cp\n p = Sq. 
■ The two fundamental equations for ideal gases are 

dq= CydT + p dv dq =^ c^dT- v dp 

SPECIAL CHANGES OF STATE FOR IDEAL GASES 

(Specific heats assumed constant) 

In the following formulas, the subscripts 1 and 2 refer to the initial and 
final states, respectively. 

1. Constant volume: p2lpi = Ti^T'i- 

Q12 = C/2 - t/i = mc,(/2 - h) = V(p2 - PiVik - 1) 
W12 = 0 S2- Si= mcyln {T2/T1) 

2. Constant pressure: V2^^i ~ ^i^^i- 

^12= -piVz - V,)- -m/?(r2-/i) 
Q12 = ^Cpih - h) = fcWnKk - 1) 
52 - = mCp InCT^/ri) 

3. Isothermal (constant temperature): P2/P I = V{fV2. 

U2- Ui = 0 Wi2= - mRT In (Vj/V,) = -p, In (Vj/Vj) 
G12 = r W12 S2-Si= QnIT = mR In ( Vj/ V,) 

4. Reversible adiabatic, isentropic: P\^ p2^- 

W^2 = t/i - i/2 = mc^ih - h) 
Qn = 0 S2- sx= 0 

H^i2 = (P2V^2-PiV'i)/(*- U 

= -PiV,[(p2/Piy*-'^^ -!]/(*- 1) 



5. Polytropic: This name is given to the change of state which is 
represented by the equation pV" = const. A polytropic curve usually 
represents actual expansion and compression curves in motors and air 
compressors for pressures up to a few hundred pounds. By giving n 
different values and assuming specific heats constant, the preceding 
changes may be made special cases of the polytropic change, thus,. 

Forn=l, pv = const isothermal 

n = k, /?v* = const isentropic 

n = 0, p = const constant pressure 

/I = 00, V = const constant volume * 

For a polytropic change of an ideal gas (for which is constant), the 
specific heat is given by the relation c„ = c^{n - kXn - 1); hence for 
1 < n < ^, c;, is negative. This is approximately the case in air coni- 
pression up to a few hundred pounds pressure. The following are the 
principal formulas: 

p,v^ =^2^5 
T-j/r, = (Vj/Vj)"-^. = ipyPiY"''^" 

M^I2 = (P2V2-PlV|)/(n- 1) 

= -PiVi liPiM''-'^" - mn - 1) 
Qi2 = f^nih - h) 

The quantity (^2/^1)^*"**'* ~ ^ bccurs firequently in calculations for 

perfect gases. 

Determination of Exponent n If two representative points (pj, Vj 
and P2» ^2) chosen, then 

n = (log p, - log P2)/(log V2 - log V,) 

Several pairs of points should be used to test the constancy of n. 

Changes of State with Variable Specific Heat In case of a consid- 
erable range of temperature, the assumption of constant specific heat is 
not permissible, and the equations referring to changes of state must be 
suitably modified. (This statement does not apply to inert or monatomic 
gases.) Experiments on the specific heat of various gases show that the 
specific heat may sometimes be taken as a linear function of the temper- 
ature: thus, = a + bT\ Cp = a' + b' t. In that case, the following 
expressions apply for the change of internal energy and entropy, respec- 
tively: 

J/j - i/, = m[a(r2 - T,) + 0.56(71 - rf)] 
52 - 5, = m[a In (Ti/Ti) + - T,) + /? In (Vj/V,)) 



and for an isentropic change. 



W,2 = C/2 - I/, 
R In (V1/V2) = a In (T^/r,) + b(T2 



GRAPHICAL REPRESENTATION 

The change of state of a substance may be shown graphically by taking 
any two of the six variables p, V, T, 5, U, H as independent coordinates 
and drawing a curve to represent the successive values of these two 
variables as the change proceeds. While any pair may be chosen, there 
are three systems of graphical representation that are specially useful.. 

1. p and V. The curve (Fig. 4.1.4) represents the simultaneous 
values of p and V during the change (reversible) from state 1 to state 




Fig. 4.1.4 



